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Abstract 



A light emitting diode is epitaxially grown on a semiconductor substrate. A lower cladding layer is grown on the substrate and 
doped to have n-type conductivity. An active layer is deposited on the lower cladding layer, and a p-type upper cladding layer 
is deposited on the active layer. A relatively thin lower window layer is then deposited on the upper cladding layer, and doped 
with a first p-type dopant material. A relatively thick upper window layer is then deposited on the lower window layer, and 
doped with a different p-type dopant material. The layer with a dopant different from the principal portion of the window serves 
to limit diffusion of dopant through the active layer. The dopant in the diffusion limiting layer can diffuse in both directions, 
thereby reducing the driving force of diffusion. As a result, the p-type dopant intersects a steep portion of the concentration 
gradient of n-type dopant quite near the interface between the lower cladding layer and active layer, resulting in high light 
output power. A diffusion limiting layer having a different dopant than a substrate may be used for forming a LED with a p- 
type substrate and an n-type layer near the upper face. 
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•r & ;^7- y T", ^^l^BuiBittftPEJll^tDmrfiB p » W 7' 
PF->'^•> Fg)fl^i§jWL> atriBTSP^^y FM^mTiB 
aaM<DWStCS!§::^J^§B'S:Wr-5 p ^ W 7'g) F-.'O 
F(D?ggj3-^;&iBTilB±§g»7-y }rmtm§Em^(D^m 
icmmt ^MiEn » W 7-g> F--'0 FgD?g^^?g.hggM 

[0 0.0 1 ] 

^'^-F (LED) ^{C*jW-5p-ng^{ig©$IJ®5C 

>F)l?:<i^. C©'t;-<> FM©— §15*^6© F-^^■> F 
2:tS:*Sp-nS^*^6^l§f3nSJ:^{C!S-p-Cl,^5. fl? 
iBLED^CK-r.5fe©-C*-5.. 2|i:^l§«> 'S.fc. p ^ -{ 

7^S«:jf$^§nfc L E D fcgg-r *>©-cfc *s. 
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[000 2] 

l\ C'->LfcLEDl,C^tj:^mimmt. I I I -V 

tifCj:^x. LED-^^f^mm^ti^ytcom^^^^^c 

[0 0 0 3 ] A 1 I nGaPtCJ:^--^f*nmiiO[)LED 

^mmri>mmmfmm^^t. mocvd (^-mm 

ri^^^-jyrm±(fCi6i^^mTSi<D^'7v I'M. ^^h^ 

[0 0 0 4] c<D^'{y'(Dmm^cm'r^mm(Di'-D{t. 
±^(D^'5^v }^m(Dmmm i±mt. rrspoj GaA 
smm^i^^K^m^^LED^^^m-r) f)^. tmmi&i> 

>vm<Dmmmu. mmmi.^(Dx\ LEDCD±M^c:fe 

^ e> A ^ /ciJ^&CD F - f > ^^St b /c G a P CD J: ^ 
•jz-Y^ FCCOC^r^J. 3Rgit$i^||5. 0 0 8, 7 1 8-^ 

[0 0 0 5 ] cnho^M^M^^tc^. m^u. 20 
^m^^ct-^m^biK 8 0 0" ccDSK-c. vpE 

^y y y^mifCAKiiLt^'^mm^^^. ms^at. ^^z^ 

F^2. 20. SO^. 6 0 V^>S7ny-h;K^):t-3^r 
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rSttgAiiSPtJ^^"^ Ffiucco^ffijciai^. ®g?:cis 

FWLCcZ)^l?^Ci5l^ P-n}g^ 

[0 0 0 6 ] cn^cM-r^pggi^^^ p - nS^cDfigcz:) 
mmw^mMf^^h^fc^. %o:>mti\ti. Tm^^yy f 

®^M^r:m^^c|^T-r5o TC5J;&^^J:5^c. LED 

i)K '^mtT^^'yy\'m<Dmmt,cmt-'m.-^i>m^ 
w#6n^o tSor. p-njg^^cofistci^ft-r-S) 

[0 00 7 ] 
[0 00 8 ] 

JC. Ta5^7'> F^. imm. ±Si^yy Ffi* 

JB^j^^ss s if it L E D ^iim-r^fc^<o-iomm^^ti 

±SB^7^^ F;icc?^#$ti^i:t*5fl^;?^i.>Ta5(D»i?-Y 

> FB^tJ. ^ICD Fw^•> Hvt*4tcJ:-5 F-t:>^305 

^^-r^Fn^cm^TSSpsn^^^^ cco±gB't?-r>F]i 

[0 00 9 ] cojsm. ^^m\.mi^^js&r^^c-:>ti 
X. mico Y-j^> vm^^nB.-t^fc}^<Dmmtif)^i)^ 

p - ns^tt. xmmty^^^v Ym<omm^cw^x 

^:^-Y\t. mti:j')^J^o:>mUt. n^^y'<Dr)\^^ 
^r^M. • H^>i;>^A • ;^'y »i7A • Sa^TSR^^':' Fit* 

mr^^t;). m^tTn^^yyYm<ors<DJ^yyrm 

• y ^A • m(Dii^mRa±^^y y YM^K 

"yy Ym^cwc^xmmm^n^o m^^t. is^^^^y 
^"yy YM^cmnx. mmm\.m\tt3^)^2>.<oo-^> 

Ymtf^WM^tih. ^^lyY^C{-X. 2'^<DmUi>Y-^'^ 

> h:^5fflC^6nrii€>o Ai^^yyYm^iCm&l^'tcmi 

<ommm>m<oY-j^>Y\-x. —m^c^ iM^yyY 
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[0010] c ^ LtcW:^mmm\t. p ^ ^ y'mm±^c 
[0 0 1 n 

[^?§<D3liiW] SI a^C^TJr^CC. n^A-y'^cUh 
#itSa^BSSStc. ft^e^^^cC^^-r^-K (LED) ^ 

-^(Dl-^i-r^CifcnJtgr^-So ^T. GaAsStg 

■^*:;K/1. -7 7/1. &0\ StSCCt^. 5X ( 1 0 CD 
17 m) ^TOr^-C. f';l/;I/CDJ:^?:cn^-f :7'CDK- 
[0012] Tm^y^y KJl^cK^ar. SttBA^xf 

^i. i^i v-r i^ny- F^ur^^o 

[00 13] ffiffii^cS^aT. ±Sl5<^^^y FilUC^x 
t*^=^-^'t;L'^S?ii:^„ ±gp^^ty FPCC*5i:^^A 1 
I n Ga PCOffljjK^i. TSP^^ F@<D»^i[fI«r'^ 

^cp ^^->r7*CDF-^^■> hCcJ:^ F--t*>y?:>5ife$n^o 
SiSO^m^^ffS/cd?). F--/OFt^. l-2x(i 

ocDi 8^) (Dmmv$,^o ±^^yy h-momm^tz 

/it^. fie3fe(D^Jl • WtS{t^^« (MOCVD) (fC^^ 
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ti^yt<Dm&^t. igfe]<Dj:^^c. mjs.<Dm^x$)^. 

[0014] ±5R>7 ^ FJi^CS:t2ir . 

66co*^^> F/l^xt't5r + ->-t';U^S^-i^-5>, — IS^c. 

i:bl5WiS2s?)CD±§P':; > FgUWTj)^ L E D(D±m^fc 
UmmFitXMZ^X\.>^^ ~mc. TSB^-Y>F/iCDil 

^>\'mo:>±i^m^{t. 2 o-i o o v-y>7p^-f 

[0 0 1 5 ] T5P»^-r> Fii^cti. p ^-Y:7•cDF->'^'> 
F^J:^ F-t">i^^Jfe$n^:!55^ cn&i. ±gP^5^:^ 
F^l<^:[^Gp^'^:/^DF-/^•> hT^^C iJ^J^MS L 

'::7^> F@cD>'^'5>x^^CJ^. TSR^?^> Fllc7)F- 
^^•> hiE*M^j:€>p ^-Z::^ • F->'^'> Ftc^-5> F-fc:'> 

v^;r^>>»j7A^e:j:^ F--h'>:J^^Jfg^n. iSP'^-T^F 
ilCC^S. SiS^Cj:^ F-b*>^^;&^Ife^n-So cn^cDF 

h©^n^ncD?sSE^. i-'2x ( 1 oc7:)i 8 

m) OffiHP^-Cfe'S. TgR'i?^^^ FMcDiSSt^. MOC 
VDX^7'?(D^mmv$>^. ±a5'i?>f > Fe^i. GaP 
cDi?l ^^SSr ^ -5 C i # ^mtSx f + 

(VPE) ^c^^xmm^-\^^(D:^mi^Li,K 
[0 0 16] F->'^•> hcDvgg^c-oc^rcDjyicDlftB^r 

^l^(DiC^. M0CVDRO'VPE^c£^?^j:]SS 

^i^»^^>FJi («?fi^E^. 2~7^^p^^ F^i^) ^mm 

-h;KD^^>F^cKt-^?^^iet7:>#ttr'*'So 

(D^mit. ^mom^ . m^\t. 2ov^^p^-f;L' 

[ 0 0 1 7 ] S 1 b <D:^{mcitt. ±a5r> ^ > FgtCfcli 
i#&Ccfct:fS±gP'^-Y>FM^e)<DF->'0 h (m 
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6 0'7-(^}a^-h}vti>^fcmmmi.^o^>\^m('C 

:^f^^:;y'mWLtLr:. rrjit^-is. r/>:;u;2;j ^^lUr^s 

^'c^th'-y'^rixi.^tjii.^'/)^ —mc. to-r:^>ocn^-r 

milt. ^rs<Dm^<D^^yh'^mmLfcmc:i6^^^. v 
>hi^it. mw^tc mx g n/c V -> A CD 

h^ffitfe^I^:^^. A 1 I nGaP(D^5u^ KilSa'rgtt 

[ 0 0 1 9 ] a 1 b tfC^i-f ^m.-fucommt. e o 
m.mcmA^'^tc'7^:3^iyOM.<D:^f^yy'mmcj: 

tt^^/rur. TSP^J'^'^ F/ftcA^^iAti^o m^<D^m 

n ^ >f y . h--/s> h (D?SS^iScD.m®^j:^B^i^-r 
ho IM^yv F@SirFa5^'Y>F®tcfct:t-S F-^^• 

hU!^yyv^::^3\t. J = Dx (dn/d x) 

ffit^^^r&O. dn/dx^3:. Y<Dmm<Qm 
r&^o 8 0 0" CCOii'^cr). A 1 I nGa P4itC:teCt 

7x ( 1 ocDv>r:f 1 2^) iPT^cin/^SO^'l. 7 
3x (1 OCDv-^:^;^ i 2^) ^T^c m/^Tab-S. 
[0 02 0] C(OMm-thtC^\t. ±gP»:7>r> FI1(C 
#tScDF-t:>^^Sfe$nsmKJ=^cC^M^Z)lS^. d 
n/dxti. mt'-'&Otc^. P^-(y'' F-z^'^hCD 

4- 



nr. dn/dx^i. l>-:>-eO/h$< ^cC-oTlK . fie-o 

<. C(DiLm^mm('Cr:>i^^xmWi^tih^^. p-ng 
^t*. r§tt]l<i:TSPi7^*;^ F;iC7:)^M&cat.^ n^-Y:7" 

[0 02 1] ffiS^cEB I CSO'S I MifJ^CCj;-:>T^ 
■Tcfc^OC. p = nS^^S. 8 0 0- CX\ 8 0^-2 5 

F®cD^ffi^/ctJ^ntcc:<iagLt:@^$n^. S'J^ 
h i^coi.^x commmwiBom^it. 

m^. ±^^y V FJ1+TSP ^^>F @) OtEcdMS 
<Lfe6 0 b;l.^rcD'^-Y>F/lCDii^. p 

[0 0 2 2 ] mm<Dmmmo:>m^. wmmm^iC^vy^ 

F-/0 hCDTuODiSS^i, 1-2 X 1 0(D1 8^-C^) 

w^<Dwmmm^nm\^x. p ^-iy'wmx^rv ^ a 
y'mwm'mc^ u /c L E D ^mfS.'Th c t f)^-^mx 

(^cr^ct •/)^wrm ^ ti ^mmc :fe c ^ -c s ^ b c ^is^ 

C^L'/cLED^xb*^ + >'i';l'fiSS^Ccl:oT?f^ 

f&rh±x(Dmm\t. p^^y*- F-/^'> Hoffitsi^^ 

s^^. w:^mmm^mi^^hct(^cj;:'oxmmrhct'^^ 
[0 02 3] c^Lfcmmm^K aza^^^nr*? 
^m^tifcp ^ ^y'(Dmms±t,cmm^tii>^ sisoj: 

^^cM^'cC^p a?^:7*cD F->^^•> htcj:-^ F-t'>i/^;^ 



[0024] rUi'^y K^LC*i> jm$lJ|igJi±(ca 

tg-C*e. S2b(CB> 112 atC^-r^^t/cLEDtC 
SffliJ©llill(cJ:.2,Efti^-c^$nri,i^J;^fc. SS©p 

:^fCi<3ajfJ©SftS». ffitfefMiiSO'TgPi'^-;; K/l 
*:'6©II2© h'->'^•> Hvt^4©»^P*^0ri^S. C© 
^mtJ, 7n©i!S#{4g*^6W^iSl(Ci£tS(L.> rS^B^M 

[002 5] Sm^c, S2 b©:fe(ci5l<^l?i^tcj:effl^ 

a^rS^Urc^S. n^f-f7'- b©K:t5j«@iib-C 

[002 6] B^i^-it- F^tcfcW^&fSf 

SiJfI)i©|5B^$nfcKJ6^K:-oi,^-CWljSL/. ^!l5^Lr# 

^iggr#©»iK#r-*n«. g^<©«SiERo'^M 
i>m^^'t:$>^^. mmcommmcom-^. ll2©K--'^•> 



!^Pg¥5- 1 90 8 9 8 
--'^■> h©S^c.Sl:l:l5S<]/lfe©^-7-y K)l?:Ji5fi£b, 

:5(CS«©2|s:^Hj;SrSfiM/5:ISBj©jg^ i Ugij;BlfC^-r 
[0027] 

mmon^] :^Bm<DmmiCj:'0. LED©p-nS 

^©(4g*5^tcSj?)p>n. iKiJ#?n-s©-r\ led© 
3fea;f3%:5*c* < *^-oW5?*j*<fr-S**5rt -2,. 
[0®©lS^^clSiHJ] 

[0 1 a ] :2is^Hj©-^{^{c J; E D©SP^«»fM 
[01 b] 01 a©LEDfCfeWS F->'0 F?1S©^ 
[0 1 c ] 0 1 a©L EDicisl-f^mm^m^^^^^f 

[02a] *:^HJ©— 3|M^{c cfc p -i' :7*SffiJb{c 
JgfiX^n/cL E D©g|5^«»f®0-e*€>. 

[02 b ] 02 SiCyLEDiCisl-f^ F-^O F?SS©^ 
?P'Sr7r-r0t:'*-2.o 

[03] ae*SJf5KJ;SLED©gp»«Bfffi0-C&^. 

[04] 03©LEDfC*JWSp -n5t^©fiSi3tm 
:^J>'^• -©H^?r^-r0r * ^. 

[#^©iJiBj] 
s : as 

B : -'^*•:' r@ 
LC : TgPi'5-> FJl 
A : ffittM 
D L : tetfeffJISJl 
UC :±g|5^7-^ FH 
LW: TSP-f-OFH 
UW : iSP-^-O FB 
F : LE D©BUM 
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